Introduction
Low interest rate currencies do not appreciate as much as the interest differential. This widely documented breach of the Uncovered Interest Parity condition leads to positive returns for investors who borrow money in a low interest rate currency and use their borrowings to purchase T-Bills or similar securities in a high interest rate currency, thus engaging in the so-called carry trade. A large literature debates the existence of risk factors which can explain these returns. The most recent contributions to this literature argue that currency crash risk provides a more plausible explanation for carry trade returns than correlation with traditional risk factors (Brunnermeier et al, 2008 ). The present paper identifies risk factors that are significantly priced when controlling for currency risk, one of which is new to the literature. The new factor is target currency equity risk. The primary motivation for this factor arises from a hedging argument. An increase in the risk of a country's stock market returns may lead to a reallocation into the bond market, thus giving rise to an association between stock market and t-bill returns. This argument is developed further in Section 3.2, along with competing explanations for the significance of target country equity returns.
Apart from controlling for commonly cited risk factors (global equity returns and currency risk), the target country equity return explanation is also tested against the Consumption Capital Asset Pricing Model (CCAPM) model examined by Lustig and Verdelhan (2007) (Jack Treynor (1961) and William Sharpe (1964) ). The CCAPM assumes that all investors are intertemporal consumption maximisers with full knowledge of the correlation of consumption growth with asset returns, leading to a model where returns derive from an asset's correlation with consumption. This paper adopts a more general Arbitrage Pricing Theory (APT) framework, where returns are modeled as deriving from an asset's exposure to various macroeconomic risk factors (Ross, 1976) . The APT framework is capable of incorporating consumption risk factors, facilitating a direct comparison of the two models, as well as other factors commonly used in the literature. This paper studies real returns to a U.S. investor investing in portfolios of foreign T-Bills.
The Fama-Macbeth asset pricing procedure is used to test which factors from competing risk-based explanations can explain the returns (Fama and Macbeth, 1973) . Exposure to global and target country stock market risk and to currency risk provides the most robust explanation for excess returns to the carry trade. In finding exchange rate volatility to be a risk factor which generates carry trade returns, this paper also contributes to an emerging literature which stresses the potential importance of rare disasters as an explanation for currency risk premia (Brunnermeier et al, 2008 and Farhi and Gabaix, 2008 ).
Empirical Studies of Carry Trade Returns
The failure of the Uncovered Interest Parity (UIP) condition, which is necessary for the carry trade to be profitable, is of relevance to macroeconomists, since UIP is generally assumed in general equilibrium open economy models. Some models account for the observed failure of UIP by adding a shock to the UIP equation, a so-called Risk Premium shock (e.g. McCallum 1994). Such risk premium shocks affect domestic interest rates and hence real variables like consumption and output, as pointed out by Burnside et al (2006) . Thus it is of interest to ask whether breaches of UIP are associated with risk factors, with investors who are exposed to such risk being compensated accordingly.
A large literature attempts to explain the failure of UIP. Proposed explanations include the importance of risk premia, the interaction of risk premia and monetary policy, and biases in expectations (Fama (1984) , McCallum (1994) , and Frankel and Rose (1994), respectively).
Recent contributions include those of Alvarez, Atkeson, and Kehoe (2006), who investigate time-variation in risk premia resulting from endogenous market segmentation, and Bacchetta and Van Wincoop (2006) , who suggest that the cost of actively managing foreign exchange portfolios may help to explain the failure of UIP.
In a paper which examines the choices facing a U.K. investor, Burnside et al (2006) confirmed the existence of high Sharpe ratios in returns to the carry trade, but concluded that these returns are not related to risk factors, and cannot be exploited due to a number of frictions. Among others, the authors tested U.K. consumption growth as a potential risk factor. In contrast, Lustig and Verdelhan (2007) find that aggregate consumption risk does explain returns to the carry trade on a large sample of countries over the period 1952-2002. According to the authors, the key innovation in their study is to form portfolios of currencies based on the interest rate. Burnside (2007) raises a number of objections to the findings of Lustig and Verdelhan (2007) , primarily that the constant in the second stage regression in the Fama-MacBeth equations run by Lustig and Verdelhan (2007) is too large to be credible, and that the authors ignored sampling uncertainty in the first stage of the procedure. Lustig and Verdelhan (2008) counter that the constant was not significantly different from zero, and so was not too large, and that the market price of consumption risk remains significantly different from zero after accounting for sample uncertainty in the first stage estimation. confirm the finding of Lustig and Verdelhan (2007) that consumption risk can explain carry trade returns, and find evidence for time variation in the correlation of carry trade returns with the macroeconomic risk factors. The authors also find evidence supporting the presence of U.S. stock market excess returns as an explanatory factor for carry trade returns when allowance is made for time variation in this correlation, which may be caused by a flight-to-quality effect during periods of financial crisis. Burnside et al (2008) use options data to calculate stochastic discount factors and payoffs in the peso currency crash state and the non-peso stable state, and find that realistic values for these discount factors can explain excess carry trade returns. The motivation for this approach is the failure to find significant covariance between carry trade returns and traditional risk factors. The present paper claims to have found such covariance. The new finding is that a carry trade portfolio may be exposed to equity risk of the target country.
Many target countries are emerging markets with relatively high interest rates, whose stock market returns show greater volatility than those of the U.S. The factor price for target country equity returns is therefore also higher than that of the U.S. equity return factor. This innovation is motivated in an Arbitrage Pricing Theory framework, in which investors are rewarded for exposure to a number of risk factors. The finding that carry trade and foreign equity returns are related confirms and extends the insights of Campbell et al (2007) , who, for example, show that the Australian and Canadian dollars comove positively with those countries' stock market returns, while the opposite is true for the Euro and Swiss Franc. As pointed out by the authors, if foreign equity returns denominated in their local currency covary negatively with the foreign currency, then a long position in foreign T-Bills provides a hedge against foreign equity risk. Investigating the relationship between carry trade and equity returns is therefore of interest to globally diversified equity investors. This paper concludes that engaging in the carry trade appears to expose investors to foreign and global stock market risk, and documents the cross sectional variation in the foreign equity market exposure.
In addition to allowing for target-country and global stock market risk, this paper also attempts to quantify the importance of exchange rate volatility in determining carry trade returns, thus combining insights from two separate strands of the carry trade literature.
Recent papers that address the question of exchange rate volatility include those of Brunnermeier et al (2008) , who suggest that the presence or threat of liquidity crises may lead to the sudden unwinding of carry trade positions and negatively skewed exchange rates, and 3 Explanations of Observed Returns
Return Calculations
Empirical asset pricing studies often seek to explain the returns to portfolios of assets, sorted on variables that predict returns (for the case of stocks, size and book-to-market ratio), thus eliminating the diversifiable, asset-specific component of returns that is not of interest. This produces more precise estimates of the risk/return trade-off in asset markets. Likewise, by sorting currencies into portfolios based on the nominal interest rate differential, it is possible to abstract from the country-specific component of exchange rate changes that is not related to the drivers of carry trade returns. This isolates the source of variation in excess returns that is of interest for the carry trade.
Following this approach, nominal returns are calculated as:
where R f or stands for the foreign interest rate (T-Bill yield) and E is the nominal exchange rate, expressed as dollars per unit of foreign currency.
Real excess returns to a U.S. investor are then calculated as:
where P stands for the U.S. CPI index.
These calculations follow Lustig and Verdelhan (2007 Alternatively, a negative correlation could also arise between equity and carry trade returns. Foreign currency denominated excess returns on foreign equity would be negatively correlated with the return on foreign currency if stocks are real assets and the shocks to foreign currency are primarily related to foreign inflation (Campbell et al, 2007) . This would lead to
where E is the nominal exchange rate (in dollars per unit of foreign currency, e.g. dollars per euro), R s refers to the return to a broad index of shares, R refers to the T-Bill yield, Carry trade returns could also be related to target country equity returns through the government debt market, instead of through the exchange rate. A negative correlation between equity and T-bill returns could arise in a joint stock-bond asset pricing model with an equity-specific source of risk. In such a model, a shock to equity returns could lead to a reallocation of capital out of equity and into government debt, lowering stock prices and returns and increasing bond prices and returns. This argues for negative correlation between carry trade returns and target currency denominated stock market returns:
in other words negative equity betas for every country i, or negative β j s for every portfolio j.
Thus the expectation is that carry trade returns are a function of exposure to stock market risk
where λ s > 0 is the associated risk premium and β j s < 0 is the factor loading. If this is the case, then an investor holding a long position in foreign equities can reduce portfolio risk by holding a long position in foreign currency, which could be achieved by buying foreign T-bills. In this way a long carry trade position could hedge exposure to stock market risk.
These effects can be tested in an Arbitrage Pricing Theory setting, in which an asset's return is a linear function of k factors:
and its expected return is given by
where R f is the risk free rate, F is an underlying risk factor, and RP a risk premium. This model assumes the factors to be mean-zero random variables. It is less restrictive than the CAPM, as it assumes that each investor will hold a unique portfolio with its own array of betas, as opposed to the identical "market portfolio". A flight to quality effect which might weaken the dependence of carry trade returns on any fundamental target currency risk factor can be accounted for by conditioning the factor, in this case stock market returns, on a measure of risk aversion, such as the VIX volatility index (as is done by Lustig and Verdelhan (2008)).
U.S. Stock Market Risk
The APT framework allows for the simultaneous inclusion of other risk factors. Campbell The authors find that allowing for time variation in the risk factor beta by conditioning it in this way is necessary, as unconditional U.S. stock market returns alone lead to excessive factor risk premia. This approach allows for a flight to quality effect, with low interest rate currencies appreciating during times of global financial crisis. Higher returns in the U.S.
stock market could be associated with the depreciation of a country's exchange rate via the flight to quality effect or through a portfolio rebalancing effect (Hau and Rey, 2007 This paper tests the importance of exchange rate volatility as an explanatory risk factor in carry trade returns.
Estimating Equation
An Arbitrage Pricing Theory framework permits the simultaneous inclusion of the above risk factors. Thus, the model being tested is:
where the v subscript indicates VIX, the Chicago Board Options Exchange Volatility Index, s, U S indicates U.S. equity returns, the sv subscript refers to the multiplicative interaction term between stock market returns and VIX (for the case of U.S. stock market returns: 
are the factor loadings and
the factor prices, and likewise for b d cov(∆d t , R j,e t ), giving
In estimating the equation a constant can be included
because the risk free rate is imperfectly estimated as the real return on U.S. T-Bills (Burnside, 2008) . Thus the constant can be interpreted as the model's pricing error for the risk free rate. It is the factor prices that are of primary interest. A significant factor price shows that investors are rewarded for exposure to the risk associated with that risk factor. 
Estimation
The models are estimated using the Fama-Macbeth Asset Pricing Procedure:
• Stage 1: for each portfolio, run time series regressions of currency portfolio returns on the factors to estimate factor betas for that portfolio (Fama and Macbeth, 1973) . For portfolio j, estimate
where F 1 represents the first risk factor, for example the growth rate of excess stock market returns.
• Stage 2: run a cross-section regression of average portfolio returns on the betas in order to estimate factor prices.
Results
Second stage (factor price) regressions are only of interest when the null hypothesis that the vector of first-stage factor betas is the same across portfolios is rejected, based on a Seemingly Unrelated Regression Chi-Squared test (Zellner, 1962) . This is the case for Hypothesis 1 (equity and exchange rate volatility factors) but not for Hypothesis 2 (consumption factors). Table 1 in Appendix A presents the factor price estimates for Hypothesis 1. The risk factors explain a large proportion of the variation in returns across portfolios, and are jointly and individually significant. An interaction effect model naturally leads to collinearity among the explanatory variables, confounding somewhat the interpretation of the coefficients. This may help to explain the 14% premium on a carry trade portfolio whose excess return moves one for one with U.S. equity returns, which is somewhat higher than expected. The VIX interaction term serves to reduce this premium somewhat, as VIX/U.S. Equity interaction term betas are typically negative (the betas are discussed below).
The negative coefficient of VIX is as expected. The interpretation is that a carry trade portfolio whose returns rise one for one as the implied volatility of U.S. stock markets rise, pays a negative risk premium (that is, requires an insurance premium) of 4.45% per annum.
A carry trade portfolio whose excess returns move one for one with the excess stock market returns of the target country yields an average risk premium of around 20% per annum, again without adjusting for interaction effects (which are time dependent). The second column of Table 1 presents a robustness check: the same regression is run over the period
1980-2007 (inclusive)
. This change in sample period has a negligible effect on the results.
Target country equity returns and the interaction between this variable and VIX are also jointly significant at the 1% level. Confirming that the target currency equity risk factor adds explanatory power to the model, Table 2 in Appendix A presents the results for a sub-model in which this factor is excluded. The R 2 value is lower for the sub-model.
The second column of Table 2 presents results for the same model using 16 portfolios, effectively doubling the degrees of freedom in the cross sectional (second stage, factor price)
regressions. Although the individual significance levels of the risk factors falls somewhat, they remain jointly significant at the 1% level. The Shanken correction factor, which corrects for the fact that the second stage regression is based on estimated instead of known betas, also falls significantly. Table 5 Table 4 , while the second column shows the results for a model with consumption factors in place of equity returns, retaining the other explanatory variables (U.S. equity returns, VIX and exchange rate volatility). The two consumption factors are jointly insignificant in this specification. Table 5 shows the results when the model is run on a subsample of more developed countries, namely the fifty richest countries by GDP per capita in 2000. The results are qualitatively unchanged. The smaller factor price of target country equity risk reflects the omission of many of the riskiest countries in terms of volatility of equity returns. The target country equity returns factors are now also individually significant. As a further robustness check, Table 7 presents results for an investor domiciled in Japan and the U.K., instead of the U.S.. The significance of the factor prices weakens somewhat, but they remain jointly significant at the 5% level for both countries, as do the two target country equity return factors. Table 6 shows the betas for Hypothesis 1. Although almost none are individually significantly different from zero, the betas do vary across portfolios at the 1% significance level, according to a Seemingly Unrelated Regression Chi-Squared test (Zellner, 1962) . The port- This may be due to a flight to quality effect.
Target currency equity betas are negative for the highest interest rate currencies, which may be because the link from equity to carry trade returns works via inflation rates (Campbell et al (2007)), or because of a portfolio rebalancing effect between debt and equities within a country. For other countries the target currency equity beta is positive, possibly supporting the argument that movement in the discount rate, which affects both stock market and t-bill returns, provides the link. The VIX interaction term is typically opposed in sign to the target country equity beta, weakening the link between carry trade returns and the target country equity market during times of high volatility. The betas shown in Table   6 are valid when VIX is zero, which is to say they are never exactly valid, but they show the general pattern across portfolios during times of stability. U.S. equity betas increase in the interest rate but are positive for all countries (although the VIX interaction term could alter this during times of high volatility), suggesting a strong global factor in equity returns.
Section 3.2 identified a number of possible explanations for the correlation between carry
trade and target country equity returns. This correlation could arise through the exchange rate or through t-bill returns. Table 8 shows the results of panel corrected standard error regressions of raw equity returns on T-bill and exchange rate returns. This is intended as a statistical exercise. The coefficients can be viewed as conditional correlation coefficients.
With country as the cross sectional unit only the T-bill returns are significant, with the sign supporting the portfolio rebalancing argument given in Sections 3.2. This argument states that carry trade portfolios could gain exposure to target country equity market risk if investors alter their holdings of, and therefore the returns to, T-bills and stocks in response to changes in stock market risk. Using portfolios as the cross sectional unit, this interpretation remains valid, however the exchange rate is now also correlated with equity returns. The negative sign of this correlation could support the inflation argument of Campbell et al (2007) or the portfolio rebalancing argument of Hau and Rey (2007), both of which are discussed in Section 3.2. The fact that the exchange rate factor is significant on the cross-portfolio regression but not across countries underlines the usefulness of eliminating idiosyncratic sources of variation by averaging returns across countries within interest rate portfolios.
Conclusions
This paper studies annual returns to the carry trade for a broad sample of countries over the Table 1 : Standard errors are shown in parentheses. "Betas Vary" reports the p-value from testing the null hypothesis that the set of first-stage factor betas is the same across portfolios, based on a Seemingly Unrelated Regression Chi-Squared test (Zellner, 1962) . "Test FPs" reports the p-value from a joint significance test of the explanatory variables (Factor Prices). Shanken (1992) correction factors, which corrects for the fact that the second stage regression is based on estimated instead of known betas, are somewhat lower than that reported by Burnside (2008) for the Consumption-CAPM model (6.79). Increasing the degrees of freedom by examining 16 portfolios instead of 8 reduces the factor significantly (results below). The fit is measured by the R-squared reported in Burnside (2007) ( Equation 12) and used by LV. This R-squared statistic is based on a comparison of the model's predictions for the eight time series-averaged portfolio returns against a naive model which uses the average across all portfolios as the prediction. This R-Squared will be zero for a model for which the sum of the cross-sectional squared errors equals that of the naive model. Table 2 : Factor Price Estimates for a sub-model of Hypothesis 1, where target currency equity returns are excluded. The drop in R 2 compared to the full model suggests that target currency returns are adding explanatory power. The second column shows the full model using 16 carry trade portfolios. Standard errors are shown in parentheses. The increase in degrees of freedom leads to a smaller Shanken correction factor. The explanatory factors remain highly significant in a joint test ("Test FPs"). The fit is measured by the R-squared reported in Burnside (2007) (Equation 12 ) and used by LV. This R-squared statistic is based on a comparison of the model's predictions for the eight time series-averaged portfolio returns against a naive model which uses the average across all portfolios as the prediction. This R-Squared will be zero for a model for which the sum of the cross-sectional squared errors equals that of the naive model. Table 3 : "Betas Vary" reports the p-value from testing the null hypothesis that the set of first-stage factor betas is the same across portfolios, based on a Seemingly Unrelated Regression Chi-Squared test (Zellner, 1962 Table 7 : This table shows results for a Japanese and United Kingdom based investor. Returns are calculated in yen or pounds discounted with the appropriate consumer price index series. The Japanese or British T-bill return is subtracted from the raw carry trade return. United States equity returns are converted to the appropriate currency (yen or pounds), while target currency equity returns remain in domestic currency. The results appear broadly robust to the choice of investor's home country. The point estimates of the factor prices change considerably, however this is not surprising in an interaction effect model with high collinearity. More important is that the explanatory factors remain jointly significant. The row "Test Target Eq FPs" reports the p-value from a joint F-test of the target equity returns factor and its interaction with VIX, the S&P volatility index. The change in sign of the VIX factor price suggests that U.S. equity volatility may be less important for Japanese and U.K. investors than for U.S. investors.
A Factor Prices and Factor Betas

Panel Corrected Standard Error Regressions of Equity Returns on Exchange Rate and T-Bill Returns
Across Table 8 : These regressions are intended as a descriptive statistical exercise. They suggest that the significance of target country equity returns for carry trade returns could derive jointly from correlation with exchange rate changes and with T-bill returns. The correlation with exchange rates could be due to inflation or international portfolio rebalancing in response to changing exchange rate risk. The correlation with T-bill returns could be due to portfolio rebalancing between debt and equities in response to changes in equity risk. Figure 1 : The above figure shows years for which each country is included in a portfolio. Countries are indicated by their three letter ISO codes. Countries were excluded if data were unavailable, if the capital openness ratio was less than 20%, or if the country defaulted on government bonds in the previous year (the decision to invest and portfolio allocation are made at the end of year t, with the return realised at the end of year t + 1). Defaults are indicated with a red X. Government bond default data are from Reinhart et al (2003) and Reinhart and Rogoff (2008) .
